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(54) PIEZOELECTRIC TRANSFORMER 

(57) Abstract: 

PROBLEM TO BE SOLVED: fb secure the high 
transformation ratio while facilitating the polarization 
and support of a piezoelectric material. 

SOLUTION: The AC driving voltage Vin is impressed on 
the space between the electrodes 16, 18 of input side 
piezoelectric element 12 to oscillate a piezoelectric 
body 14 by the piezoelecric effect. The oscillation of 
the piezoelectric body 14 is transmitted to another 
piezoelectric body 22 through the intermediary of an 
oscillator 28 so as to impress output voltage on an 
output terminal 38 by piezoelectric inverse effect. When 
the mechanical Q is set up at sufficiently high level, 
the total mechanical Q is increased even if the 
mechanical Q of the piezoelectric elements 12, 20 is 
lower thereby enabling the high step up ratio to be 
secured. Besides, due to the existence of the 
oscillation node on the surface of the oscillator 28, 
the title piezoelectric transformer 10 can be supported 
on a printed substrate 34 without deteriorating the 
mechanical Q at all by supporting a supporting line 32 
on the node position by spot welding step. 




COPYRIGHT: (C)1997.JPO 



mBTmmfff (j p) 



42^ IB il# ^2^ ^ (A) 



#li¥9- 186373 

(43)>^M B 9 ^(1997) 7 ^ 15 B 



(51)Int.Cl.« 




F I 






H 0 1 L 41/107 




H 0 1 L 41/08 A 










5fet»^ »*«©ISC6 FD 


7 M) 




#P¥7 -353371 


(71)UI|BA 


000204284 














(22)m«B 


7^^(1995)12^^283 




JiK^ 6 T e i6S2o-i^ 








(72)^ig# 


mm mm 










M^W>nM^±W 6 T S 16#20^ 


















(72)?gM« 


Mm Mik 




























(74)f^aA 


^m± mm Mm (^i^^) 





(54) ff«h^>X 



(57) [^^1 





1 

xmm^^tt-h^z.^ mmmiRx^m2<Dj±mm^<Dm 
xw^mrr^thhK. mmmiRxim2(o&mm'^<r>m. 

1, 2, 3, 4Xt-i5|B«Offmh^>'X, 
lO 0 0 1 ] 

[0002] 

j^^P(Dj:5(-. 

$ixT;fc^f9^ (B) ^;it^S:WJt^:^co>ti[|®Bl;as^§nTv^ 

WMm^ J; o r ?^J5fe $ tifcff S« 10 0 <^:fc1|ij^:9^^5ffi 
0 4 t /^oTV^^o 

[0 0 0 4] r:;n'fe>CD5 A:;^gl51 0 2ffiijTi^. ^<D 

jtTmKKiomm i o e , i o s ^mm^ i o 
Sf5i 0 4{ifjTf^. mmmi Qo<D-:^mM\^mt}Wmi i 

O^Sff^^^tbTV^^o mb<^Sffil0 6, 10 8, 1 

j±mmi 0 0 (D^^m^^m-t^ nm m Km\^x 
^-r J: 5 A;/?^ 10 2 x\^m^:^\^. mm^ 1 0 4 




(2) #M¥9- 1 8 6 3 7 3 

2 

-et^g $ :*r[^ ^ o r V ^ 

[0 0 0 51 mbK^VftL^4yl^xj--^>^4y''h\^ 
tmr:j3|9. 0 OcDS$;6rrRifc#l>^ffi;9^i--5. 

^hWM-ch^o mtr^h. ^ut^hmmi o e, i o 
8 \z.mmm&i)mM-^^^ t . Kt)U 102 -ef^:$>«:*r 

iEhS^*;05^-f 5« rttEcJ:t9. ffi«t^l 0 0;a5S{i^$ 

10 t*^c 

[0 0 0 61 mt)^^ 104 i?f^. f)>f)^^mm\^x 

•t^#. }±mVy>y^\^^&h=7>yshVX^mir^^ fs: 
tehT^^-^ir-r^ t^f^. ae^^mffil 1 OfifJtrA 

20 [0 0 0 71 r.(DffS^^>'>^Sr^^bTV^^^^•^'t:^<D 
A;^SffVin^ W;;OSi£Vout<^#i±i:b (=Vout/Vi 
n) ti:. 

Vout/Vin- (L/T) 'k31'k33*Qm (1) 

t^^^^tl'^o Lf^i±mt^l 0 0(5DS$, Tfi: 

10 0 (Dm § , k 31, k 33{:iS^»«|g^#«, 

r^^) xh^o mmmm^^^^hsh kas 

S^a«M^#«fckabcO Taj f^5>ffi;:^fRl, Tbj 
[0 0 0 81 

(1) ^E;!:J:tttf. ^ffii:b^ffi< t^^fcJe>tct:iQni^A# 
<i-5r ^fe^^T^fc^, t:i^-^K oo(Dm 

5 (B) {^:^-rj:5(-. ^Kjo^gp^^fe^fp'b^fflgif^^Uffl 

40 x^xi^v^ >mm 1 1 2 EC J: iHig&a« 1 1 4 (ca^i- 

[0 0 0 91 \^^^\^f^ti^h. 0 5 (B) CO^tP < V- P >^ 

Wfli 1 1 2 1 0 0 1 . Stij^otScotS 

H^-^^-^-y n^^flll 1 2^Sj5fg;}^-cL^V\ Qm;^^^-^ 

50 [0 0 10] i^tz.. m^m^i(D}£mv^i^y^x\^. ff« 




(3) 

3 

1 0 0 (OA^U 102t mt^n 10 4 (Dm^W;i^^\ 

[0011] rcD^PJt^. \^±(D.^{cmSl^±h(D-^\ 
[0 0 12] 

[0 0 13] 

LrcD;^;^;^:^7VQ^Sf^±1-^o ^^^^ 

[0 0 14] ^commmmmsm^^^m. mm. fu.^ 

[0 0 15] 
[0 0 16] 

mmm i\mi \^\^. mmm i c^ff « h ^ i o 
^§ti>Tv^5o i^Bi (A) \z.\t.0(Wmfo^7T^^r(^x^^ . 
mm (B) fcti>K0psiii^^:^$tvTv^5o At)m mm 
m) f)>hmsm'r^ok. Atim&mm'?^! 2(D&mwi 4 




#M¥9- 1 8 6 3 7 3 

4 

4, 2 6^5'?ri^'e^^?f^^$^^TV^^o r;rue?<Dmffil 

6, 18, 2 4, 2^\^. mx.m%-<-y^v<Dmt m 
m^^-:>xmj&^iv^o 

[0 0 1 7] r^^e>flE«*^l 2, 20<DmKnmm# 
2 8^m^'f^>i^x:^^. }±mm^i 2(Dmmi smtB 

T»#:2 8 i^mmsnxv^^, mmi^2 S t LTJ^. 

«a:y:x/^^^, ^V:fv'>^^. :^'r>'\^:^t^hfi^m 
V^b^^^o ffiSm-T-l 2coi±S#:i 4\^^^PFA:^mc 

^^m & nxis t9 . mmm^ 2 0 2 2 t^^^p f b 

:*■[^0(-:9^«§tl.TV^5o r co J: 5 mtll 6, 

1 8 m&rj^mm 24, 26 wt^i^g^/^mff^^pspr -5 

[0 0 1 8] ::tL'e>3o<7)$15$f 1 2, 2 0, 2 8{;iJ:o 

xi^. :i<Dmm<Dm(r>jiLm^. ^ESb^^-^^i o^^st 

t'^fc2s6<0 2;$:(DS:i#^3 2 fe>^^TV^§ 
(|ll^fI(::f•±lo<D^^^$t^xv^^) o rn^fe-Si^^s 

2 LTt^. m^\^N i ^ iy=^$ti.fc^y 
v^^>^^^o ^br. S^fms 20— :6'<o«4|!|f^M«^2 

3 4 K^m^£ if X|a^§tlTV^§o 

[0 0 19] ««1 6t^:7^y h&U3 4±<DAtim'f' 
3 QKmm^iVX^^, Sa2 6f-i:7^y >-hSte3 4± 

;=^ffi^4 OE^^igStbTV^^e rcD5^it^3 2t*MW)#: 
2 8t^«^6^), a«e<]^:iS^LT*5(9. rco^|S#:28 
f^;(SflB 3 0 ^^^^LTS* 18, 24 {C^iv^ivmmVX 
V^^o ^^^{-J:oT. m*l 8, 24;^5t— ^^^40 

[0 0 2 0] m^. £i±(Dx 9 ^^m^^ivf^mmm i <^ 

timmmm'^i 2<Dmmi 6, i sra^-^P^jn^tt. }±m 
^1 4t^!±mm^\^x-Dxmmir^, -(D}±m^i4<D 
mmnmm^2 s^ifrvxm:fjm}^mmi'2 o(Dj±m^ 

2 ot^ffm#:2 2x\^. j±mm^M\^x<^xmj±tm^ 

-So 

[0 0 2 1] :^(Dt^(D^I±}:t ( = Vout/Vin) f-i. 
Vout/Vin- (d2/dl) 'kSS^'Qm (2) 

-t^^ib^n^o rrx\ di, d2\±. ^^^^fhA:t)m}± 

1 2t iM:t}m!±mm^ 2 0 (om^ m 1 (b) 0 
m) , k33f±rtb^>jsm*-^i 2, 2 0<^mM««M^ 




5 

Qmt^Sgg&^^#: 1 4 , 2 2RUmm^ 

2 8) CO^:fy::=^:fy/UQ-Qh?>o ^^HJSM^t^^ ffi 

12, 2 0comM««M^#S5:t^^L</^i9. k33^^* 

^<m&^tixv^^o :i(Dfcib. }±mm^i 2, 2 0(d 

'^i^<DQmh:k^<ti:^o t^oT. tulB (2) ^t^hmh 

h ^ 1 0 ^^^-T^ r t 

[0 0 2 31 

immm2] m^. m2^^mi^^^^^hmmm2K-::>\^^ 

m)^l^fCo L;^>L. :i(^mMm2<D}±mh9^^::^5 ox 

f*. ^m^wnmtf^<^xisy) . A:t]m&mmi^<Dm 
mi^r.m^m^:&mtt£oxv^^, 0 2 (A) (^ft.#f%aiii 
^^^^thX:Bv. mm (B) Ec^l^|tMlll^^^$ttrv^ 

-So 

[0 0 2 41 A;^ffifJ;O^e>m0J-r^ t . A>^«^m*^ 5 

;ffi5 6, 5 8, 6 4, 6 6i,^ mmmmmtrnmi^^My^ 
}£KXoxm)^^i^hx\^^o ^^x^K. mmmnu. 

[0 0 2 5] r^^e>ffll*^5 2, 6 o<;oM{;ii^:3^y V 

5 2 co-:*r<D#Jffi 6 0 coSS 6 4 m^^^Mm 

7 0(cJ:oT^t!j#:6 8^r:»*§^^rv^^o JESlS^S 
2<0«ffi5 6, 5 8ratm^K«ffi^Mi-5r ^-t?. 
ffS#:5 4^S3^PPFC::&fR]{C^«§:h., ffi«»^6 0<^ 
6 4 , 6 6 ratcaL^ffi«i±trPP;!?p-r ^ :i t X\ i±m 
#:6 2n^^\}Fj:>:^mz^m^^^c T^^t^h. A:timi 
ffi®*^5 2coffia#:5 4^^J(f:$:^rR]E-^«§^^. 

m}±mm^6 o(oi±mi^6 2\tM^:^\^K^m^iv^o 

[0 0 2 61 ^l^^^^LfcWfteWiri^b^t^^ W 
0 ocDA;^§Pi 0 2 ^fct|;^/WI3i 0 4(o^#g|3^^T2::^rR] 

J£M-et^, A;^ftyjE®*-^- 52 t mtjmmmmi^ eot 

<^^^-Mi!j#:6 8^5^fA^ttTV^^fc^6. WiEm^^ 5 
2, 6 OO^«^SU«^5:£LTA0Ectf 5r 




(4) #gSip 9-186373 

6 

-So 

[0 0 2 71 ^E;i. _ha^bfcjKiij#;6 s<Dmm(Dmm}(^ 

y i^fci: 7 2 ;OS^I9;6<3Eci^tt h 

tvTv^5 (lll4^(r^i;loc;:);9^*3^§^^TV^6) o 
7 2 0-:*r<Dffi{|«^«»#:6 8 <7>>HiME;::;?;7K?/ h^S^ 

tb. m:^(Dmny'})>hmm7 4{z:^^m^^t'xm:&^iv 

[0 0 2 8] SffiS 6fl:7^y > h&U7 4±<DAtl^'^ 

10 7 6(^^^^tvT:fet?. &Mm(omm5s\^»mi^6 8 

E^«^$t^TV^§o ^fc. ®«6 6t^:7"y >^b»;fc^7 4 
±(Dm:^m^ 7 8 {C^^K§n'T:^3 19 . X^M 7 2 f^T— 

>^ffi^8 0E-»M§;aTV^§, :::cDS^^7 2fl^tij#: 
6 8EC«^6^, ^«6^EC»^Lr:|S!9. :i<DSKj#:6 8 
f^®«5 8, 6 4^;I^^^^^^^^^bTV^5o ::ftE-J:o 
affi5 8, 6 4;55T-;^ffi^8 OECft^^tl.^:!^ 

[0 0 2 9] i^J:(DJ:5tc«^$tLfe||}S>^il2(7:)tJ)f^ 
fi. S*WE-II*^J1 i:l^«"efc^, A:t}m^7 6<DA 
20 ;^jSidEVinai m;^?*^ 7 8 coai;^mffi Vout<o#i5i:b 

(=Vout/Vin) f^, 
Vout/Vin- (L/T) 'kSl'kSS'Qm (3) 

m'^5 2 (Xf^6 0) cDffm#:5 4 (Xfl6 2) (Dff 
k31, k33t^i£S*^5 2, 6 0O«^a«M^# 

Qm\^mW}'^^i^<7:>p^:^^:^/i^QXh^o 

[0 0 3 0] :^mmmxh. mmi^^e 8(OQm^^+^± 

^<^^$ixrv^§o ^<r)fzL^^ i±«*^5 2, 6 0 CO 
Qmf)m<X-hmm^±W(OQx^\±A^ <fi:^o ^oT. 
30 MtE (3) ^i)^h^W^h\.XA^tmmitm%^^tib^ 

[0 0 3 1 1 

[0 0 3 2 1 (1) A:tjm. mtim(D^j±mmf-'^^iv 
h(Dm(ommi^ti.x\^. A^m(omm^^m:^m{z,^m 

|g3(;::f^. ^coX^f^^m(DmMfm^^i^Xi6^, 
j[£S*^2 0 0, 2 0 2;05V^T^^^:>:^:^aff^iK^*or 

^cnh\z.m^ivtcmmi^2 0 4nmmmtf^<:> 

i^Bi (B) (Dmi^. j±s*^2 10, 2 12, R-amrn 
^2 1 4(ov^'rtih^^m^'^tf^<^x^^. swa«i^ 

2 2 0 ^^raAe^K, Bmm^ 222 ^v>#<7:>Fqa 

50 3Sft#:2 2 4;^5A@(7>R©)t^^?tCo-CV^§o mtllB 



(5) 



§¥9 - 1 8 6 3 7 3 



8 



m\t,mmm2 tmm^h^o mm (d) (omit. mmm 
[0 0 3 3] (2) mmmmm^'u. ^^^Tthtmrnm"^ 

M¥6 - 2 2 4 4 8 4-^^c:|g^$ttTv^^ J: 
5tiLTt>J:V\ 1114 (A) {Cfl, ±^LfcmfeM2Sr 

Wil«3t^ LfeH«:b^>^^3 0 0<O;S:§:&rRi»f®;^^* 

$;h^T:|et9. mm (B) }^ (A) <D# 4 - # 4^fC?&oT 

«#:3 0 4t^. l^aStl3 0 6, 3 0 8fcffiSjl310 
^aiibfc«^t?^CoTV^^o l^gi5Sfii 3 0 6 f^. }±m 

\^^mm 3 0 sn, JES#: 3 0 4 <^ffla^c*5v^rsts 3 

1 2fc»fg§i^TV^^o 

[0 0 3 4] m::^. mtimj^mm'f'S 2 o<Di±s#:3 2 
2\^^ ^H^mm3 2 4--3 3 AtBmms 3 e^mmi^ 

tcmj^t^^oXl^^^o l^gB«ti3 2 4, 3 2 8, 3 3 2 

i±m#:3 2 2o:>Jl®(c*5v^Taffi3 4 oi^mm&ri 

X^^.mmm3 2 6, 3 3 0, 3 3 4t^, HS#:3 

2 2(DTffi(c::JoV^TSffi3 3 8 filft^^ tVTV^§, ^cD 
J: 5 J'c^ffS*-^ 3 0 2 , 3 2 0t^. tfJ5lfe^V^^^^pa3 
4 2(Cj:orMt!j#^3 4 4{Cfe^§i^TV^^o 3 1 
2^^^i:A;^0mi±:^^^P^P§^^. «ffi3 1 4, 3 3 8 t^T— 
;^t;i^^o Sffi3 4 0;5^e>a;t/«ffi^5:^!? ai^tt 

[0 0 3 5] (3) tulE|IJfe^!l«. ^ t h ^ >- 

[0 0 3 6] (4) mmmMm\^. ^^^-nvh-^imtr. 
mm^^m^vx^mmh9>':^^m}^i^^x^{z.vx 

[0 0 3 7] (5) mmmmmx\^. Bmrn^f^Rx^mm 



[0 0 3 8] (6) mmmmm\^^^'r^m^\a't. 
[0 0 3 9] (7) mmmmmxi^^ T-:::<KMT^m 

T—::^\z.mm't^X^KVXi>X\^\ L;6^L, SIB^^s 

[mi] ::<omMcom-mmi(Dmm^7j^irmxh^o 

(A) (B) fltiJffiEl^^fc-5o 

m2} :ico^m(DmMm2<Dm0,^^irmxh^o 

(A) ti#3fiiia, (B) nmmmxh^o 

[0 3] ft&o5lM>p>l<7)^i?^^^-r^tggir-fe'5o 

[04] ffic0^mMtr:^i^Ill^^fe§o (A) 
20 (DWffiig, (B) \^ (A) 4"-# 4^(Cfftor^^P:& 

[0 5] W*K«^:^i-EI'i?fc5o (A) 
(B) t^tlMUlT-fe^o 

1 0, 5 0, 3 0 0-"i±mb^>^X 

12, 2 0, 52, 60, 2 00, 202, 210, 2 

1 2, 2 2, 2 2 2, 2 3 0, 2 3 2, 3 0 2, 3 2 0 

1 4, 2 2 5 4, 6 2, 3 0 4, 3 2 2"-ffim#: 

30 16,18,24,26,54,56,64,6 6,3 
06, 3 08, 312, 314, 324 — 334, 33 
8, 3 4 0-mtl 

2 8, 68, 204, 214, 224, 234, 3 4 4 

3 0, 7 0, 3 4 2 -mm 
3 2,7 2-^nm 

3 4, 7 4-'ZfV >hMm 
3 6,7 6-A;^ffl^ 
3 8,7 8;"tU;bSS^ 
40 4 0,8 0-T--:^mj^ 
3 1 0, 3 3 6 --HI 



